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(54)  Improved  poppet  valve  shield. 

A  thermal  barrier  (10)  fixed  to  a  valve  head  (12)  of  a 
diesel  engine  poppet  valve  (14)  is  disclosed.  The  barrier 
includes  a  thin  sheet  metal  cap  18  having  a  concave  shield 
portion  18a, an  annular fold  or  corrugation  (18b) circumscrib- 
ing  the  shield  portion,  and  a  cylindrical  skirt  portion  welded 
to  the  valve  head.  The  cap  and  the  face  portion  (12a)  of  the 
valve  head  define  an  evacuated  chamber  (20)  which  is 
preferably  filled  with  an  insulating  material  (24)  which  also 
provides  structural  support  for  the  shield  portion. 



BACKGROUND  OF  THE  INVENTION 

1.  F i e l d   of  the   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to  a  t h e r m a l   b a r r i e r  

and  more  s p e c i f i c a l l y   to  a  t h e r m a l   b a r r i e r   f o r   a  

p o p p e t   v a l v e   u s e d   in  a  c o m b u s t i o n   c h a m b e r   of  a  p i s t o n  

e n g i n e .  

2.  D e s c r i p t i o n   of  the   P r i o r   A r t  

S h i e l d s   or  t h e r m a l   b a r r i e r s   f o r   p r o t e c t i n g  

p o p p e t   v a l v e s   in  p i s t o n   e n g i n e   c o m b u s t i o n   c h a m b e r s  

a re   w e l l - k n o w n .   For  many  y e a r s   such   s h i e l d s   o r  

b a r r i e r s   have   been   p r o p o s e d   f o r   t he   p u r p o s e   o f  

r e d u c i n g   h e a t   c o r r o s i o n   and  w e a k e n i n g   of  the   v a l v e  

h e a d ,   to  i m p r o v e   or  e n h a n c e   c o m b u s t i o n ,   to  r e d u c e  

h e a t   c o n d u c t i o n   t h r o u g h   the   v a l v e ,   e t c .   These   a n d  

o t h e r   p u r p o s e s   a re   p r o v i d e d   by  a  p o p p e t   v a l v e   t h e r m a l  

b a r r i e r   d i s c l o s e d   in  the   above   m e n t i o n e d   a p p l i c a t i o n  

s e r i a l . n u m b e r   1 0 4 , 9 2 8 .   T h e r e i n ,   the   t h e r m a l   b a r r i e r  

i n c l u d e s   a  c u p - s h a p e d   s h e e t   m e t a l   cap  h a v i n g   a  f l a t  

s h i e l d   p o r t i o n   s p a c e d   from  the   v a l v e   f a c e   and  a  



c y l i n d r i c a l   s k i r t   p o r t i o n   w e l d e d   to  the   v a l v e   head   t o  

d e f i n e   e v a c u a t e d   c h a m b e r .   The  c h a m b e r   may  be  f i l l e d  

w i t h   an  i n s u l a t i n g   m a t e r i a l .   The  s k i r t   p o r t i o n ,  
wh ich   i s   c o n d u c t i v e l y   c o n n e c t e d   to  the   r e l a t i v e l y   h o t  

s h i e l d   p o r t i o n   and  the   r e l a t i v e l y   c o o l   v a l v e   h e a d ,  

has  a  t e m p e r a t u r e   g r a d i e n t   ove r   i t s   l e n g t h   b e t w e e n  

the   s h i e l d   p o r t i o n   and  v a l v e   head   or  w e l d .   T h i s  

g r a d i e n t   and  r a d i a l l y   o u t w a r d   f o r c e s   f rom  t h e r m a l  

e x p a n s i o n   of  the   s h i e l d   p o r t i o n   c a u s e s   the   s k i r t  

p o r t i o n   to  e x p a n d   v a r y i n g   a m o u n t s   o v e r   i t s   l e n g t h   i n  

b e l l m o u t h   f a s h i o n   to  r e l i e v e   t he   s t r e s s e s .   In  s o m e  

a p p l i c a t i o n s   the   s t r e s s e s   may  e x c e e d   d e s i r a b l e   l e v e l s  

in  s p i t e   of  t he   b e l l m o u t h   e x p a n s i o n   of  the   s k i r t  

p o r t i o n .   F u r t h e r ,   in  some  a p p l i c a t i o n s   t he   f l a t  

s h i e l d   p o r t i o n   may  l i f t   o f f   of  t he   f a c e   p o r t i o n   o r  

the   i n s u l a t i o n   d i s p o s e d   b e t w e e n   s h i e l d   p o r t i o n   a n d  

the   f a c e   p o r t i o n ,   w h e r e b y   the   s h i e l d   p o r t i o n   o i l - c a n s  

and  f a t i g u e s   due  to  the   c y c l i c   p r e s s u r e s   in  t h e  

c o m b u s t i o n   c h a m b e r .   The  l i f t - o f f   is  b e l i e v e d   to  b e  

c a u s e d   by  s t r e s s e s   at   the   i n t e r s e c t i o n   of  the   s h i e l d  

and  s k i r t   p o r t i o n .  



SUMMARY  OF  THE  INVENTION 

An  o b j e c t   of  t h i s   i n v e n t i o n   is  to  r e l i e v e  

s t r e s s e s   in  a  s h e e t   m e t a l   s h i e l d   of  a  t h e r m a l   b a r r i e r  

c o v e r i n g   the   f a c e   p o r t i o n   of  a  p o p p e t   v a l v e   head  a n d  

w e l d e d   to  t he   v a l v e   h e a d .  

A n o t h e r   o b j e c t   of  t h i s   i n v e n t i o n   is  t o  

p r e v e n t   o i l - c a n n i n g   of  the   s h e e t   m e t a l   s h i e l d .  

A c c o r d i n g   to  a  f e a t u r e   of  t h i s   i n v e n t i o n   a  

p o p p e t   v a l v e   i n c l u d e s   a  s h e e t   m e t a l   member  w e l d e d   t o  

the   v a l v e   head   and  c o v e r i n g   the   f a c e   p o r t i o n   of  t h e  

v a l v e   head   to  d e f i n e   an  e v a c u a t e d   c h a m b e r   and  a n  
a n n u l a r   f o l d   or  c o r r u g a t i o n   d e f i n e d   by  a  s h e e t   m e t a l  

s h i e l d   to  p r o v i d e   an  a n n u l a r   e x p a n s i o n   j o i n t   f o r  

r e l i e v i n g   s t r e s s e s   in  the  s h e e t   m e t a l   due  to  t h e r m a l  

e x p a n s i o n   d i f f e r e n c e s   b e t w e e n   t he   s h e e t   m e t a l   m e m b e r  

and  the   v a l v e   h e a d .  

A c c o r d i n g   to  a n o t h e r   f e a t u r e   of  t h e  

i n v e n t i o n   the   s h i e l d   is  f u r t h e r   p r o v i d e d   w i t h   a  

c o n c a v e   p o r t i o n   c i r c u m s c r i b e d   by  the   a n n u l a r   f o l d ,  

w h e r e b y   s t r e s s e s   in  the  s h e e t   m e t a l   s h i e l d   due  t o  

t h e r m a l   e x p a n s i o n   d i f f e r e n c e s   b e t w e e n   the   s h e e t   m e t a l  

member  and  the   v a l v e   head  w i l l   p r o v i d e   a  f o r c e   v e c t o r  

in  t he   d i r e c t i o n   of  the  v a l v e   f a c e .  



BRIEF  DESCRIPTION  OF  THE  DRAWING 

The  i n v e n t i o n   is  shown  in  the   a c c o m p a n y i n g  

d r a w i n g   in  w h i c h   the   i n v e n t i o n   t h e r m a l   b a r r i e r   i s  

shown  c o v e r i n g   the   f a c e   p o r t i o n   of  a  p a r t i a l l y   s h o w n  

p o p p e t   v a l v e .  

C e r t a i n   t e r m i n o l o g y   r e f e r r i n g   to  t h e  

p r o p o s e d   e n v i r o n m e n t   and  d i r e c t i o n   of  c o m p o n e n t s   w i l l  

be  u s e d   in  t h e   f o l l o w i n g   d e s c r i p t i o n .   T h i s  

t e r m i n o l o g y   is   f o r   c o n v e n i e n c e   in  d e s c r i b i n g   t h e  

d i s c l o s e d   e m b o d i m e n t   and  s h o u l d   no t   be  c o n s i d e r e r e d  

l i m i t i n g   in  t he   a p p e n d e d   c l a i m s   u n l e s s   t he   c l a i m s   a r e  

e x p l i c i t l y   so  l i m i t e d .  

DETAILED  DESCRIPTION  OF  THE  DRAWING 

R e f e r r i n g   now  to  t h e   d r a w i n g ,   t h e r e i n   i s  

shown  a  t h e r m a l   b a r r i e r   10  s u p p o r t e d   by  a  m u s h r o o m  

head  12  of  a  p a r t i a l l y   shown  p o p p e t   v a l v e   1 4 .  

V a l v e   14  is  i n t e n d e d   fo r   use  as  an  e x h a u s t   v a l v e   o r  

as  an  i n t a k e   v a l v e   in  an  e x p a n s i b l e   c h a m b e r   e n g i n e   o f  

the   i n t e r n a l   c o m b u s t i o n   t y p e   w h i c h   c y c l i c a l l y  

c o m p r e s s e s   and  c o m b u s t s   g a s e o u s   m i x t u r e s ,   e . g . ,   a  

p i s t o n   e n g i n e   of  the   d i e s e l   or  s p a r k   i g n i t i o n   t y p e .  

F u r t h e r ,   t h e r m a l   b a r r i e r   10  may  be  u sed   on  a  p o p p e t  

v a l v e   h a v i n g   a  f i l l e t   h e a t   s h i e l d   such   as  t he   f i l l e t  

h e a t   s h i e l d   d i s c l o s e d   in  a p p l i c a t i o n   s e r i a l   n u m b e r  

(  )  and  i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .  

V a l v e   14  i n c l u d e s   a  p a r t i a l l y   shown  s t em  1 6  

and  the   m u s h r o o m   head  12  shown  in  s e c t i o n .   T h e  

s u r f a c e  o f   head   12  i n c l u d e s   a  c i r c u l a r   f a c e   p o r t i o n  

12a ,   a  c y l i n d r i c a l   w a l l   p o r t i o n   12b ,   and  a  
f r u s t o c o n i c a l   v a l v e   s e a t   p o r t i o n   12c.   C i r c u l a r   f a c e  

p o r t i o n   is  p r e f e r a b l y   d i s h e d   i n w a r d   to  d e f i n e   a  

c o n c a v e   s u r f a c e .  



T h e r m a l   b a r r i e r   10  i n c l u d e s   a  s h e e t   m e t a l  

member  18  h a v i n g   a  c o n c a v e   s h i e l d   p o r t i o n   18a  s p a c e d  

f rom  f a c e   p o r t i o n   12a,   an  a n n u l a r   f o l d   or  c o r r u g a t i o n  

p o r t i o n   18b  c i r c u m s c r i b i n g   the  c o n c a v e   s h i e l d  

p o r t i o n ,   and  a  c y l i n d r i c a l   s k i r t   p o r t i o n   1 8 c  

i n t e g r a l l y   f o r m e d   w i t h   the  s h i e l d   and  f o l d   p o r t i o n s  

and  e x t e n d i n g   c o m p l e t e l y   a r o u n d   the   p e r i p h e r y   of  t h e  

s h i e l d .   S k i r t   18c  e m b r a c e s   or  c i r c u m s c r i b e s   f a c e  

p o r t i o n   12a ,   t e l e s c o p e s   ove r   c y l i n d r i c a l   w a l l   p o r t i o n  

12b,   and  d e f i n e s   in  c o m b i n a t i o n   w i t h   the   s h i e l d   a n d  

f o l d   p o r t i o n   and  the   f a c e   p o r t i o n   an  e v a c u a t e d  

c h a m b e r   20  w h i c h   p r o v i d e s   a  t h e r m a l   b a r r i e r   f o r  

c o n d u c t i v e l y   i n s u l a t i n g   the   f a c e   p o r t i o n   f r o m  

c o m b u s t i n g   g a s e s .   The  end  of  s k i r t   p o r t i o n   1 8 c  

d i s t a l   f rom  the   f o l d   p o r t i o n   is  w e l d e d   to  w a l l  

p o r t i o n   12b  by  a  c o n t i n u o u s   weld   22  w h i c h  

h e r m e t i c a l l y   s e a l s   chamber   20.  The  w e l d i n g   may  b e  

done  in  a  vacuum  by  an  e l e c t r o n   beam  w e l d e r ,   w h e r e b y  

c h a m b e r   20  is  e v a c u a t e d   d u r i n g   the   w e l d i n g   p r o c e s s .  
The  e v a c u a t e d   c h a m b e r   20  is  p r e f e r a b l y  

f i l l e d   w i t h   an  i n s u l a t i n g   m a t e r i a l   24  to  r e d u c e  

r a d i a t o r   h e a t   t r a n s f e r   a c r o s s   the   c h a m b e r   and  t o  

r e i n f o r c e   the   s h i e l d .   One  i n s u l a t i n g   m a t e r i a l ,   w h i c h  

has   been   t e s t e d   and  found   to  be  a  s a t i s f a c t o r y  

i n s u l a t o r   r e a d i l y   fo rmed   in  a  c o n c a v e   s h a p e   and  a n  

e x c e l l e n t   r e i n f o r c e m e n t ,   is  Z i r c o n i a   O x i d e .   A n o t h e r  

r e a d i l y   s h a p e d   i n s u l a t i n g   m a t e r i a l ,   known  to  be  a n  

e x c e l l e n t   i n s u l a t i o n   and  r e i n f o r c e m e n t ,   is  M i n - K  

m a n u f a c t u r e d   by  J o h n s - M a n s v i l l e   C o r p o r a t i o n .  

Cap  18  is  p r e f e r a b l y   f a b r i c a t e d   f rom  a  t h i n   s h e e t  

m e t a l   a l l o y   w h i c h   is  r e s i s t a n t   to  h e a t   c o r r o s i o n ,  

such   as  H a s t a l l o y - S .   The  t h i c k n e s s   of  the   s h e e t  

m e t a l   is  p r e f e r a b l y   as  t h i n   as  p o s s i b l e   c o m m e n s u r a t e  

w i t h   s t r u c t u r a l   i n t e g r i t y   to  m i n i m i z e   added   w e i g h t   t o  



the   v a l v e ,   to  m i n i m i z e   h e a t   t r a n s f e r   to  t he   v a l v e  

head   v i a   weld  22,  and  to  f a c i l i t a t e   f a s t   wa rm-up   o f  

the   c a p .   T h i s   l a s t   f e a t u r e   is  b e l i e v e d   to  r e d u c e  

f u e l   c o n s u m p t i o n   and  to  i m p r o v e   e x h a u s t   e m i s s i o n s  

d u r i n g   e n g i n e   w a r m - u p .   The  cap  is  p r e f e r a b l y  

a n n e a l e d   a f t e r   f o r m i n g   to  r e l i e v e   work  h a r d e n i n g   o f  

the   m e t a l .  

T h e r m a l   b a r r i e r   v a l v e s   w i t h   c a p s   18  

f a b r i c a t e d   f rom  H a s t a l l o y - S   in  t h i c k n e s s e s   of  . 0 4 0 "  

have  been   s u c c e s s f u l l y   t e s t e d   in  d i e s e l   e n g i n e s .  

An  i m p o r t a n t   p u r p o s e   of  a n n u l a r   f o l d   o r  

c o r r u g a t i o n   18b  and  s k i r t   p o r t i o n   18c  is   to  r e l i e v e  

s t r e s s e s   c a u s e d   by  t he   d i f f e r e n c e   in  t h e r m a l  

e x p a n s i o n   b e t w e e n   s h i e l d   p o r t i o n   18a  and  v a l v e  

head   12.  When  v a l v e   14  is   i n s t a l l e d   in  an  e n g i n e ,  

s h i e l d   p o r t i o n   18a ,   w h i c h   is  in  d i r e c t   c o n t a c t   w i t h  

c o m b u s t i n g   g a s e s ,   may  r e a c h   t e m p e r a t u r e s   r a n g i n g   f r o m  

500  to  1 , 0 0 0   F a h r e n h e i t   d e g r e e s   g r e a t e r   t h a n   v a l v e  

head   12,  w h e r e b y   s h i e l d   18a  w i l l   t e n d   to  t h e r m a l l y  

e x p a n d   r a d i a l l y   o u t w a r d   g r e a t e r   a m o u n t s   t h a n  

head   12.  R e s t r i c t i n g   the   r e l a t i v e   e x p a n s i o n   b e t w e e n  

the   s h i e l d   p o r t i o n   and  the   v a l v e   head   c a u s e s  

s t r e s s i n g   of  the   s h i e l d   p o r t i o n   and  the   w e l d .   T h e s e  

s t r e s s e s   can  c a u s e   s t r e s s   f a i l u r e   of  t he   s h i e l d  

a n d / o r   w e l d .   S k i r t   p o r t i o n   18c  and  f o l d   p o r t i o n   1 8 b  

r e l i e v e   t h e s e   s t r e s e s .   S k i r t - p o r t i o n   18c  i s  

c o n d u c t i v e l y   c o n n e c t e d   to  t he   s h i e l d   p o r t i o n   and  t h e  

v a l v e   head  and  t h e r e f o r e   has  a  t e m p e r a t u r e   g r a d i e n t  

o v e r   i t s   l e n g t h .   T h i s   g r a d i e n t   and  r a d i a l l y   o u t w a r d  

f o r c e s   from  e x p a n s i o n   of  the   s h i e l d   p o r t i o n   c a u s e   a  

b e l l m o u t h   e x p a n s i o n   of  t he   s k i r t   p o r t i o n   a t   t h e  

h o t t e s t   end  of  the   s k i r t   p o r t i o n .   The  s t r e s s e s   d u e  

to  t h e r m a l   e x p a n s i o n   of  the   s h i e l d   a r e   f u r t h e r  

r e d u c e d   by  mak ing   the   s k i r t   l e n g t h   as  l ong   a s  



p r a c t i c a b l e   w i t h   r e s p e c t   to  the  s h i e l d   d i a m e t e r .  

S k i r t   l e n g t h s   1 /10   to  1 /20   of  the   s h i e l d   d i a m e t e r  

have  been  s a t i s f a c t o r i l y   t e s t e d   in  a  d i e s e l   e n g i n e .  

In  some  a p p l i c a t i o n s   the  s t r e s s e s   may  e x c e e d  

d e s i r a b l e   l e v e l s   in  s p i t e   of  the   b e l l m o u t h   e x p a n s i o n  

of  the   s k i r t   p o r t i o n .   A n n u l a r   f o l d   18b  f u n c t i o n s   a s  

an  e x p a n s i o n   j o i n t   to  f u r t h e r   r e d u c e   the   s t r e s s e s   d u e  

to  the  e x p a n s i o n   d i f f e r e n c e s .   The  o u t e r   d i a m e t e r   o f  

the   f o l d   p o r t i o n   e x t e n d s   the   l e n g t h   of  the   s k i r t  

l e n g t h   and  the   c r e s t   of  the   f o l d   h i n g e s   or  g i v e s  

s i m i l a r   to  an  a c c o r d i o n   p l e a t .  

An  i m p o r t a n t   p u r p o s e   of  the   c o n c a v e   s h a p e  

of  s h i e l d   p o r t i o n   18  is  to  r e d u c e   an  o i l - c a n n i n g  

t e n d e n c y   of  the   s h i e l d   p o r t i o n .   As  the   s h i e l d  

p o r t i o n   e x p a n d s   a g a i n s t   the   f o l d   and  s k i r t   p o r t i o n ,  

c o m p r e s s i o n   s t r e s s e s   b u i l d   up  in  the  s h i e l d .   T h e s e  

s t r e s s e s   may  be  r e s o l v e d   i n t o   r a d i a t i n g   f o r c e   v e c t o r s  

a c t i n g   n o r m a l   to  t he   a x i s   of  the   v a l v e   s t e m ,   and  i n t o  

a x i a l   f o r c e   v e c t o r s   a c t i n g   in  the   d i r e c t i o n   of  t h e  

v a l v e   s tem  a x i s   and  t o w a r d   the   f a c e   p o r t i o n .   H e n c e ,  

the  a x i a l   f o r c e   v e c t o r s   a p p l y   a  f o r c e   b i a s i n g   t h e  

s h i e l d   p o r t i o n   t o w a r d   the   v a l v e   f a c e .  

The  p r e f e r r e d   e m b o d i m e n t   of  the   i n v e n t i o n  

has  been   d i s c l o s e d   f o r   i l l u s t r a t i v e   p u r p o s e s .   Many 

v a r i a t i o n s   and  m o d i f i c a t i o n s   o f  t h e   d i s c l o s e d  

e m b o d i m e n t   a re   b e l i e v e d   to  be  w i t h i n   the   s p i r i t   o f  

the   i n v e n t i o n .   The  f o l l o w i n g   c l a i m s   a re   i n t e n d e d   t o  

c o v e r   the   i n v e n t i v e   p o r t i o n s   of  the   d i s c l o s e d  

e m b o d i m e n t   and  v a r i a t i o n s   and  m o d i f i c a t i o n s   b e l i e v e d  

to  be  w i t h i n   the   s p i r i t   of  the   i n v e n t i o n .  



1.  In  an  i n s u l a t e d   p o p p e t   v a l v e   of  t h e  

t y p e   i n c l u d i n g   a  m u s h r o o m   head   h a v i n g   a  s u r f a c e  

d e f i n i n g   a  c i r c u l a r   f a c e   p o r t i o n   n o r m a l l y   e x p o s e d   t o  

c o m b u s t i n g   g a s e s   in  a  c o m b u s t i o n   c h a m b e r   of  a n  

e x p a n s i b l e   c h a m b e r   e n g i n e   and  an  e v a c u a t e d   c h a m b e r  

d e f i n e d   by  the   f a c e   p o r t i o n   and  a  s h e e t   m e t a l   m e m b e r  

c o v e r i n g   the   f a c e   p o r t i o n   and  w e l d e d   to  the   h e a d ,   t h e  

i m p r o v e m e n t   c o m p r i s i n g :  

an  a n n u l a r   f o l d   d e f i n e d   by  the   s h e e t  

m e t a l   to  p r o v i d e   an  a n n u l a r   e x p a n s i o n   j o i n t   f o r  

r e l i e v i n g   s t r e s s e s   in  t he   s h e e t   m e t a l   due  to  t h e r m a l  

e x p a n s i o n   d i f f e r e n c e   b e t w e e n   the   member  and  v a l v e  

h e a d .  

2.  In  an  i n s u l a t e d   p o p p e t   v a l v e   of  t h e  

t y p e   i n c l u d i n g   a  mushroom  head  h a v i n g   a  s u r f a c e  

d e f i n i n g   a  c i r c u l a r   f a c e   p o r t i o n   n o r m a l l y   e x p o s e d   t o  

c o m b u s t i n g   g a s e s   in  a  c o m b u s t i o n   c h a m b e r   of  a n  

e x p a n s i b l e   c h a m b e r   e n g i n e ,   and  an  e v a c u a t e d   c h a m b e r  

d e f i n e d   by  the   f a c e   p o r t i o n   and  a  s h e e t   m e t a l   m e m b e r  

c o v e r i n g   the   f a c e   p o r t i o n   and  w e l d e d   to  t he   h e a d ,   t h e  

i m p r o v e m e n t   c o m p r i s i n g :  

an  a n n u l a r   f o l d   d e f i n e d   by  the   s h e e t  

m e t a l   to  p r o v i d e   an  a n n u l a r   e x p a n s i o n   j o i n t   f o r  

r e l i e v i n g   s t r e s s e s  i n   t he   s h e e t   m e t a l   due  to  t h e r m a l  

e x p a n s i o n   d i f f e r e n c e s   b e t w e e n   the   member  and  v a l v e  

h e a d ;   a n d  

a  c o n c a v e   s u r f a c e   c i r c u m s c r i b e d   by  s a i d  

a n n u l a r   f o l d   and  d e f i n e d   by  d i s h i n g   a  p o r t i o n   of  t h e  

s h e e t   m e t a l   member  t o w a r d   the   f a c e   p o r t i o n .  



3.  In  an  i n s u l a t e d   p o p p e t   v a l v e   of  t h e  

t y p e   i n c l u d i n g   a  mushroom  head   h a v i n g   a  s u r f a c e  

d e f i n i n g   a  c i r c u l a r   f a c e   p o r t i o n   n o r m a l l y   e x p o s e d   t o  

c o m b u s t i n g   g a s e s   in  a  c o m b u s t i o n   c h a m b e r   of  a n  

e x p a n s i b l e   c h a m b e r   e n g i n e ,   and  an  e v a c u a t e d   c h a m b e r  

d e f i n e d   by  the   f a c e   p o r t i o n   and  a  s h e e t   m e t a l   c a p  
c o v e r i n g   the   f a c e   p o r t i o n ,   the   cap  h a v i n g   a  c i r c u l a r  

s h i e l d   p o r t i o n   and  a  c o n t i n u o u s   s k i r t   p o r t i o n   w e l d e d  

to  the   v a l v e   h e a d ,   the   i m p r o v e m e n t   c o m p r i s i n g :  

an  a n n u l a r   f o l d   d e f i n e d   by  the   s h e e t  

m e t a l ,   s a i d   f o l d   d e f i n e d   by  e x t e n d i n g   the  s k i r t  

p o r t i o n   beyond   the   o u t e r   s u r f a c e   of  the  s h i e l d  

p o r t i o n   to  p r o v i d e   an  a n n u l a r   e x p a n s i o n   j o i n t   f o r  

r e l i e v i n g   s t r e s e s   in  the   s h e e t   m e t a l   due  to  t h e r m a l  

e x p a n s i o n   d i f f e r e n c e s   b e t w e e n   the   cap  and  the   v a l v e  

h e a d .  

4.  In  an  i n s u l a t e d   p o p p e t   v a l v e   of  t h e  

t y p e   i n c l u d i n g   a  mushroom  head   h a v i n g   a  s u r f a c e  

d e f i n i n g   a  c i r c u l a r   f a c e   p o r t i o n   n o r m a l l y   e x p o s e d   t o  

c o m b u s t i n g   g a s e s   in  a  c o m b u s t i o n   c h a m b e r   of  a n  

e x p a n s i b l e   c h a m b e r   e n g i n e ,   and  an  e v a c u a t e d   c h a m b e r  

d e f i n e d   by  the   f a c e   p o r t i o n   and  a  s h e e t   m e t a l   c a p  
c o v e r i n g   the   f a c e   p o r t i o n ,   t h e   cap  h a v i n g   a  c i r c u l a r  

s h i e l d   p o r t i o n   and  a  c o n t i n u o u s   s k i r t   p o r t i o n   w e l d e d  

to  the  v a l v e   h e a d ;   the  i m p r o v e m e n t   c o m p r i s i n g :  

an  a n n u l a r   f o l d   d e f i n e d   by  the   s h e e t   m e t a l ,  

s a i d   f o l d   d e f i n e d   by  e x t e n d i n g   the   s k i r t   p o r t i o n  

beyond   the   o u t e r   s u r f a c e   of  t he   s h i e l d   p o r t i o n   t o  

p r o v i d e   an  a n n u l a r   e x p a n s i o n   j o i n t   fo r   r e l i e v i n g  

s t r e s s e s   in  the   s h e e t   m e t a l   due  to  t h e r m a l   e x p a n s i o n  

d i f f e r e n c e s   b e t w e e n   the   cap  and  the   v a l v e   h e a d ;   a n d  

a  c o n c a v e   s u r f a c e   c i r c u m s c r i b e d   by  s a i d  

a n n u l a r   f o l d   and  d e f i n e d   by  d i s h i n g   the   s h i e l d  

p o r t i o n   t o w a r d   the   v a l v e   f a c e .  



5 .   The  v a l v e   of  C l a i m   1,  2,  3,  or  4 ,  

w h e r e i n   t he   s u r f a c e   d e f i n i n g   the   f a c e   p o r t i o n   i s  

c o n c a v e d .  

6.  The  v a l v e  o f   C l a i m   1,  2,  3,  or  4 ,  

f u r t h e r   i n c l u d i n g :  

an  i n s u l a t i n g   m a t e r i a l   d i s p o s e d   in  t h e  

c h a m b e r .  

7.  The  v a l v e   of  C l a i m   3  or  4,  w h e r e i n   t h e  

s u r f a c e   d e f i n i n g   the  f a c e   p o r t i o n   is   c o n c a v e d   t o  

r e c e i v e   the   c o n c a v e   p a r t   of  t he   s h e e t   m e t a l   in  s p a c e d  

r e l a t i o n   and  f u r t h e r   i n c l u d i n g   a  c o n c a v e d   i n s u l a t i n g  

m a t e r i a l   d i s p o s e d   in  t he   c h a m b e r .  
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